Background: Recently, the number of patients diagnosed with gastroesophageal reflux disease (GERD) has increased in Korea. Risk factors of GERD include age, sex, medication use, lack of physical exercise, increased psychological stress, low or high body mass index (BMI), unhealthy eating habits, increased alcohol consumption, and cigarette smoking. However, few studies examined the major factors affecting GERD in women of childbearing age. Therefore, this study assessed the risk factors of GERD among 20,613 female nurses of reproductive age using data from the Korea Nurses' Health Study. Methods: Participants were recruited from July 2013 to November 2014. They provided their history of GERD 1 year prior to data collection, along with information on their demographic characteristics, health-related behaviors, diet, medical history, and physical and psychological factors. Of the total sample, 1184 individuals with GERD diagnosed in the year prior to the study were identified. Propensity score matching was used for analysis. Results: Cigarette smoking, increased alcohol consumption, low or high BMI, depression, and increased psychosocial stress were associated with the prevalence of GERD among Korean young women. Multivariate ordinal logistic regression analysis revealed significant positive relationships between GERD and being a former smoker; having a low (< 18.5 kg/m
Background
Gastroesophageal reflux disease (GERD) occurs when the lower esophageal sphincter relaxes inappropriately, thereby permitting gastric acid to enter the distal esophagus. The most common symptoms associated with GERD are heartburn and acid regurgitation [1] . GERD is a chronic disease that tends to relapse and cause extra-esophageal complications, including aspiration pneumonia, reflux-induced asthma, reflux cough syndrome, and laryngitis [2] . GERD can also lead to esophageal complications such as erosive esophagitis, bleeding and peptic strictures, and chronic GERD increases the risk of Barrett's esophagus, which can progress to esophageal cancer [2, 3] . Persistent GERD symptoms may also lead to sleep deprivation, lower quality of life, and decreased work productivity [4] [5] [6] . In fact, more than 50% of GERD patients experience heartburn when awake [7] , and nighttime reflux causes sleep disorders [4] . Therefore, it is important to diagnose and treat GERD before it progresses.
In South Korea, the prevalence of GERD was 7.1% in 2012 among adults aged 20-69 years [8] . Furthermore, * Correspondence: hjjang@hallym.ac.kr 3 Division of Nursing, Hallym University, 1 Hallymdaehak-gil, Chuncheon 24252, Republic of Korea the number of patients diagnosed with GERD increased, from 1.99 million in 2008 to 3.36 million in 2012 (an increase of about 69%). Over that same period, the total medical costs related to GERD increased by 50.2% [9] . Women are inordinately represented in this population: female patients with GERD account for as much as 60.3% of adult patients aged less than 65 years [10] , and during pregnancy, GERD is reported by 40-85% of women [11] . Women also tend to have a higher frequency of GERD symptoms and lower quality of life when compared to male patients with GERD [1] .
Besides sex, the known risk factors of GERD include age, medication use [12] [13] [14] [15] , lack of physical exercise, increased psychological stress, low or high body mass index (BMI), unhealthy eating habits, increased alcohol consumption, and cigarette smoking [14, 15] . Furthermore, frequent night-shift workers were 1.38 times more likely to develop GERD [16] .
Women constitute 97% of the nursing workforce in South Korea, of which the majority are of reproductive age (20-45 years) according to statistical data of license information system in 2016 [17] . Fixed-shift nurses are rare in Korea, with most nurses experiencing rotating shifts on a regular basis, including night shifts. Nurses on rotating shifts with frequent night duties tend to have poor sleep quality, which leads to a lack of physical activity, and higher BMI and poor eating habits [18] . Frequent night work can have a number of other adverse physical and mental health consequences for nurses [19] , such as the high prevalence of binge eating found among Korean nurses [20] . Given their night-shift duties, and its association with other health problems, Korean nurses may have a higher risk of developing GERD. However, the prevalence of GERD, and the impact of rotating night-shifts, health behaviors in response to stressful work factors (e.g., irregular diet, smoking, alcohol intake, etc.), BMI, and depressive mood on GERD, have not been fully explored in previous studies.
Purpose
We investigated GERD-related factors among nurses of reproductive age, including general characteristics, health-related factors, and physical and psychological factors, based on data collected by the Korean Nurses' Health Study (KNHS). The results of this study can suggest future directions in the promotion of nurses' health and boost efforts to reduce the prevalence of GERD in this group. We had the following objectives:
(1) To identify the prevalence of GERD in Korean nurses of reproductive age. (2) To identify the risk factors (including demographic characteristics, lifestyle behaviors, and psychological factors) associated with GERD in this population.
Methods

Study design and sample
The KNHS is the first large-scale time-series cohort study of reproductive-aged women in South Korea. Nurses between 20 and 45 years of age were invited to complete a health survey with protocols and questionnaires quasi-identical to those of the Nurses' Health Study III in the US. The KNHS was conducted between March 2013 and December 2015 (spanning 3 years) as a web-based questionnaire survey. In the KNHS, each participant was required to complete four time-series online questionnaires (Modules 1-4) consisting of the initial questionnaire and three follow-up questionnaires, delivered in 6-month intervals. The study design and protocol have been described elsewhere [21] . This study was conducted to identify variables influencing GERD among registered nurses. Of the 20,613 nurses aged 20-45 years who participated in the KNHS Module 1 between July 1, 2013 and November 11, 2014, a total of 3151 (15.3%) had been diagnosed with GERD by a physician, of which 1184 (5.7%) were diagnosed within 1 year prior to the survey. To meet the inclusion criteria, the registered nurses had to work in hospitals on a full-time, part-time, or contract basis. The study received institutional review board approval (# 2013-03CON-03-P) from the Korea Centers for Disease Control and Prevention. All nurses signed an electronic written consent before completing the online questionnaire; their anonymity and confidentiality were guaranteed. As the survey was conducted online and respondents were required to answer all questions to be able to continue to the next page, there were no missing data for the respondents included in analysis.
Measures
The research data were obtained by analyzing the responses collected from participants in the KNHS Module 1. To extract the variables influencing nurses' GERD, we analyzed the raw data in the factor clusters of demographic characteristics (age, education status, marital status, annual income, and shift work), lifestyle factors (cigarette smoking and alcohol consumption, BMI), and psychological factors (depression and stress). Shift work was included among the demographic variables because it is a characteristic of nurses' working routine, and thus necessitates adjustment for the participation of women of reproductive age. This is especially important because an association has been found between shift work and GERD [16] .
The questionnaire items of the KNHS Module 1, including demographic characteristics, health behavior, illness, medication, family history, pregnancy, mood, employment, occupational exposures, and subjective health perception, were quasi-identical to those of the Nurses' Health Study III conducted in the US. However, some items were adjusted and supplemented after consultation with an expert panel to enable adaptation to the Korean context. The original version of the questionnaire was translated into Korean and then back-translated into English.
BMI was determined by participants' reported height in meters and weight in kilograms, and was categorized as low (underweight [< 18.5 [22] .
Depression was measured by the Patient Health Questionnaire-9, a self-reported brief depression assessment tool developed to determine depression levels based on the Fourth Edition of the Diagnostic and Statistical Manual of Mental Disorders [23] . It comprises 9 items rated on a 4-point Likert scale: not at all (0), several days (1), more than half the days (2), and nearly every day (3). Total scores range from 0 to 27, and higher scores indicate higher depression levels. A score of zero means no depression, and depression is categorized as minimal (1-4), mild (5-9), moderate (10) (11) (12) (13) (14) , moderately severe (15) (16) (17) (18) (19) , and severe depression (20) (21) (22) (23) (24) (25) (26) (27) . However, for the present analysis, the 0 and 1-4 ranges were grouped together to form a range of 0-4 because a score of zero was not observed in any of the questionnaires analyzed. The Cronbach's alpha was .90 in our study, which was similar to that observed in the original study (.87) [24] .
Stress level was measured using the Perceived Stress Scale-4, which consists of 4 items measured on a 5-point scale (0 = never to 4 = very often) [25] . The total score ranges from 0 to 16, with higher scores indicating higher stress levels. The Cronbach's alpha in the initial study was .72 and .50 for our study.
Data analysis
The data were analyzed using SPSS Statistics 22.0. The demographic variables, including shift work, were matched to ensure no differences in frequency between participants diagnosed with GERD within 1 year prior to the survey (n = 1184) and non-GERD participants. Differences between the GERD and non-GERD groups regarding demographic characteristics, lifestyle factors, and psychological factors, were analyzed through the chi-square test and t-test. To reduce bias from distorted samples between GERD and non-GERD groups [26] , the 1:1 propensity score matching (PSM) method was Note: GERD gastroesophageal reflux disease employed, after controlling for demographic variables (including shift work). This was followed by multivariate ordinal logistic regression analysis to examine the factors influencing GERD.
To identify the factors associated with GERD, demographic characteristics, lifestyle factors, and psychological factors were used as independent variables in the following three models. Analysis of odds ratios was done to find the factors influencing reflux esophagitis. 
Results
Sample characteristics
The demographic and shiftwork characteristics of the sample after PSM are shown in Table 1 . Roughly 43% of the respondents were in their 30s, while 36% were in their 20s. More than half (62%) were non-married and 69% worked rotating schedules that included night shifts.
The variables that exhibited significant differences according to GERD status were cigarette smoking, BMI, and depression (Table 2) . A statistically significant difference was also shown in stress levels between the GERD (M = 6.65, SD = 2.35) and non-GERD groups (M = 6.35, SD = 2.40; p = .002).
Factors associated with GERD
Results of the odds ratio analyses are presented in Table 3 for the three models compared, which found that model 3 was most significant and the odds of GERD were higher among former smokers than among non-smokers. Furthermore, these odds among underweight and overweight participants were higher than were those among participants with a normal BMI. Finally, the odds of GERD among participants with mild, moderate, moderately severe, and severe depression were higher than were those among participants with minimal depression.
Discussion
In this study, the estimated prevalence of GERD diagnosed within 1 year prior to the survey among nurses aged 24-45 years was 5.7%. This is slightly higher than [27] , In the general Korean population aged 20-69 years, the prevalence of GERD was reported as 7.1% in 2012, although it did not differentiate rates by gender [8] . Our finding is also similar to the rate (5.2-8.5%) across East Asia in general over the past decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , as found in a systematic review [28] .
The factors found to be independently associated with GERD were cigarette smoking history, being underweight or overweight, and having depression. Interestingly, for smoking history, we found a statistically significant association for former smoking, but no association for current smoking or never smoking. These results might be partly due to the small number of current smokers (1.4%) in our study sample. Several epidemiologic studies have similarly reported that cigarette smoking (i.e., at least one pack per day or habitual smoking) is a risk factor for GERD in East Asian populations [12] [13] [14] [15] 28] . Furthermore, this study found that former smokers (n = 40, 3.4%) had a significantly higher risk of GERD compared to those who never smoked (n = 1128, 95.2%). While former smoking in women should be an important consideration, future studies need to further explore the role of current smoking in GERD among reproductive women.
The results concerning alcohol drinking in our study conflict with those of previous studies. In our study, roughly half of respondents reported drinking less than once per month, and alcohol consumption was not associated with GERD prevalence. In contrast, previous studies identified that a drinking frequency of at least once a week within the past year was a risk factor for GERD [13, 14] . This should be clarified in further prospective studies.
Obesity has previously been found to be a strong risk factor for GERD [29] ; however, limited evidence exists for Asian populations, possibly because of the relatively smaller variance in BMI among members of the Asian population compared to among Western populations. The distribution of BMI categories in our sample of Korean nurses was as follows: normal (61.7%), overweight (19.8%), and underweight (18.4%). We found that both underweight and overweight were associated with higher odds of GERD, with underweight having a more substantial influence than overweight. Previous studies also identified BMI as an important factor for GERD prevalence among Japanese participants. However, because these studies targeted both sexes, the differences in prevalence were not as high as those in our study, given that women have a lower BMI increase rate than men [30] . The prevalence of underweight was generally high in our sample, possibly because it included only female nurses, People may become underweight after developing GERD because it limits food consumption or cause loss of appetite. In contrast, the observed association with overweight might be due to weight gain: even moderate weight gain among persons of normal weight can cause or exacerbate reflux symptoms [31] . Unfortunately, the cross-sectional nature of our study prevents us from clarifying these potential causal associations.
We found that the odds of GERD increased with increasing levels of self-reported depression. Past studies have indicated that GERD causes depression [32] and that depression is associated with an increased risk of GERD [33] . One Chinese study found that patients with GERD often exhibit depression, and that those with severe depression tend to require intensive GERD treatment [34] . These findings are consistent with those of our study. Again, although our study could not infer a causal relationship because of its cross-sectional nature, our findings suggest a potential link between depression and GERD risk among Korean women.
Our study has several strengths. First, the sample was large (N = 20,613), which allowed us to identify more than 1100 nurses who had been diagnosed with GERD within the year prior to the study. Second, registered nurses tend to report medication use and history of disease with higher accuracy than do the general population, which may support higher accuracy of our data.
As for study limitations, we failed to control for all relevant variables, such as the type and quantity of intake of food (e.g., coffee, instant foods), and did not have access to participants' medical records. These failures are a result of the limitations of collecting data through national surveys. Also, a self-reported questionnaire was used to obtain disease diagnosis.
Based on these limitations, we recommend that the following be considered in future research:
The results of blood tests and endoscopies are encouraged to improve the accuracy of disease diagnosis in GERD studies. Continuous follow-up of the interplay among lifestyle factors, depressive mood, and GERD changes until and beyond middle age would be beneficial, as GERD risk has been reported to be associated with middle-age in Koreans [35] .
Conclusions
Our investigation of factors associated with GERD prevalence among nurses of reproductive age revealed that a history of past smoking, being underweight and overweight, and depression status are risk factors for GERD. These findings highlight that, to lower GERD prevalence among women of reproductive age, it is necessary to develop measures to monitor former smokers, and to assist overweight and underweight women in achieving and maintaining a normal weight.
Furthermore, the identified factors should be considered during the assessment of GERD symptoms.
The findings also have implications for maternal health. Around 5.7% of women of reproductive age reported being diagnosed with GERD in the past year, and their symptoms are likely to worsen during pregnancy. Accordingly, more comprehensive studies on the health of working young women and proactive management of GERD before pregnancy are needed. Accessible programs within the workplace that can aid weight management and alleviate depressive mood are needed, as are further prospective studies on not only nurses, but also a more diverse population of young working women.
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